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Abstract
This article presents a Project for Teaching Innovation (PTI) for the 
improvement of teaching practices in the Construction 1 course at the 
Architecture School of Barcelona (ETSAB). Since the 1980s this course 
has successfully made use of Problem-Basic Learning (PBL); however 
over the last ten years, various learning problems have arisen and 
become endemic. This PTI has been designed and implemented with the 
intention of solving this situation, and has been evaluated to determine 
the viability of its application. This design has been developed by the 
teaching team and assessed by experts from the University, which has 
consisted of drawing up strategies for improving each one of the identified 
problems. These strategies consist of incorporating new activities, 
and active and co-operative learning techniques. For the purposes of 
evaluation, indicators were designed to control the functioning of each 
strategy, to collect and analyse data for each indicator, and to draw 
conclusions. To summarise, this project has provided a means to start 
resolving the problems faced by the Construction 1 PBL and, at the 
same time, has created knowledge about the success of the techniques, 
activities and indicators used in this PTI which may be of use to future 
teaching projects.
Keywords: Learning, Co-operative Learning, Innovation, Architecture, 
Construction.
Resumen
Este artículo presenta un Proyecto de Innovación Docente (PID) para 
la mejora de las prácticas de la asignatura Construcción 1 de la Escuela 
de Arquitectura de Barcelona (ETSAB). Esta asignatura ya incorporaba 
exitosamente Problem-Basic Learning (PBL) en los años 1980 pero desde 
los últimos 10 años se han detectado problemas de aprendizaje y se han 
convertido en endémicos. Con el objetivo de mejorar esta problemática 
se diseñó e implantó este PID, el cual también se evaluó para determinar 
la viabilidad de su aplicación. El diseño se realizó por parte del equipo 
docente con el asesoramiento de expertos de la Universidad. Consistió 
en construir estrategias de mejora de cada uno de los problemas. Las 
estrategias consistían en incorporar nuevas actividades y técnicas de 
aprendizaje activo y cooperativo. Para su evaluación se diseñaron 
indicadores para: controlar el funcionamiento de cada estrategia, 
recoger datos de los indicadores, analizarlas y llegar a conclusiones. En 
resumen, este proyecto ha permitido empezar a resolver los problemas 
que tenía el PBL de Construcción 1 y, al mismo tiempo, se han adquirido 
conocimientos sobre la idoneidad de las técnicas, actividades e 
indicadores de este PID que pueden ser útiles para futuros proyectos 
docentes.
Palabras Claves: Aprendizaje, Aprendizaje Cooperativo, Innovación, 
Arquitectura, Construcción.
Introducion
In project based learning (PBL), students develop projects - (in 
other words complex problems or challenges) which they have 
been set, which involve a process of design, investigation and 
decision making, allowing the students to work independently 
over a long time period, at the end of which they present a 
realistic project (Thomas, 2000). 
Precisely PBL had already been used successfully at the 
Architecture School of Barcelona (ETSAB) in the Barcelona Tech 
University (UPC) in most subjects since the 1980s. But over the 
last decade various problems have been detected in these PBL, 
which until now have proved impossible to resolve. The Project 
of Teaching Innovation (PTI) presented in this article aims to 
solve these weaknesses by means of progressively applying 
active and co-operative learning activities. These activities 
were already known to the scientific community but this PTI 
presents the following innovations: a) they have been applied 
in order to improve a PBL, and b) they have been specifically 
adapted to the specific case of teaching Architectural 
Construction. This article first presents the case study, followed 
by the method and the discussion of the results, from which 
the final conclusions are based.
State of the art
There are many variations of PBL in the technical literature 
(Tuncay et al., 2010).  Another similar case is problem based 
learning  (Takahashi & Saito, 2013), in which the students 
learn entirely through their understanding of a problem and 
resolving it with the objective of acquiring knowledge relating 
to the problem being studied, and developing skills to resolve 
similar, as well as more general problems (Barrows, 1980).
The incorporation of projects, coursework and problems has a 
long tradition in teaching across all educational levels. However 
the first PBL were first successfully introduced towards the end 
of the 20th century, as for example “Expeditionary Learning” 
(EL) by Outward Bound (Cambpbell et al., 1998) in primary 
schools, and “problem-based learning” (Barrows, 1992) in 
medical training at University level. During the same period 
other active learning methods were defined and introduced 
which involved the students more, placing greater emphasis 
on their skills and developing their abilities and values in higher 
level forms of learning (analysis, synthesis and evaluation) 
(Bonwell et al., 1991). Since then, these methods have been 
evaluated in university teaching and have been demonstrated 
to produce better results than their predecessors referred to 
as traditional teaching, in which students took a more passive 
role based on listening, and attending lectures  (Prince et al., 
2004). At the end of the 20th century co-operative learning 
methods were introduced such as ‘the puzzle’, first in primary 
schools (Aronson, 2012) and later in universities (Traver et al., 
2006, Tempelear et al., 2013).
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Description of the problem
This article focuses on “Construction 1” that is an ETSAB core 
subject for second year Architecture students (Pla, 2010). This 
study concerns the practical sessions, which are conducted 
once a week during three hours with a reduced number 
of students and in work groups. Teaching is based on pro-
blem-solving of three exercises: 1) masonry, 2) structure and 
3) external building envelope (Gonzalez et al., 2014). The 
specific competencies of this course are based on the student’s 
deepening knowledge of the discipline of construction and 
in its practical application, at the same time as establishing 
relationships between technical knowledge and the design 
project in order to give it constructional sense. The objectives 
of the course are that the student: a) learns and understands 
the typological structure of the principal elements of the 
construction; b) learns the basic material and technical cha-
racteristics of the principal types of construction elements; 
c) critically evaluates the characteristics of each of these 
aspects in order to orientate and justify decision making in 
the design project; d) becomes more capable of developing 
design solutions for specific parts typically found in housing 
construction.
A total of 339 students participated in this project. The work 
groups for exercises were of between 18 and 27 students per 
professor and classroom from 2008 to 2013, and 40 students 
from 2013 on. The students admitted to the course must have 
previously passed the first year architecture degree course 
“Bases per a la Tècnica” (Basis for technology) (Pla, 2010) with 
a minimum grade of 50%.
As already mentioned in the introduction, during the last 
decade the PBLs for the course in question were found to 
have a number of problems. From 2008 to 2011, a study was 
conducted to analyse these problems which involved the 
course teachers taking into account the classes, exams and 
student coursework, the grades and university questionnaires 
such as Student Evaluation of Educational Quality (SEEQ). This 
study considered information from 113 students from which 
the following six issues were detected: P1) the evaluation 
of the practical exercises and exams demonstrated that 
the students had not acquired basic competency; P2) most 
students only attended the supervision of their own projects; 
P3) most students were reticent about taking an active role or 
participating in group activities, in contrast to various studies 
relating to other PBL cases (Hussain et al., 2007); P4) there were 
anomalies in participation as some groups and up to 20% of 
students did not hand in the practical exercises or complete the 
course; P5) the majority of students were dissatisfied with the 
course and P6) the seven generic competencies stipulated by 
the UPC were not attained: entrepreneurship and innovation, 
sustainability and social commitment, a third language, 
efficient oral and written communication, teamwork, effective 
use of information resources and self-directed learning (ICE, 
2008), even though the bibliography includes PBL learning case 
studies which show that such methods encourage the learning 
of similar competencies (Kumar & Natarajan, 2007, Kohl et al., 
2008).
Methodology
With the objective of resolving the aforementioned six existing 
problems, the PTI which was defined and applied consisted 
of: 1) defining strategies to improve each problem; 2) defining 
indicators to evaluate the strategies applied; 3) to collect, 
process and evaluate the results obtained in each indicator, 
and consequently to evaluate the strategies and the PTI.
Strategies for improvement
The following strategies for improvement were drawn up to 
answer the six problems mentioned in section 3: 
S1 – To improve the process of learning through: a) co-operative 
learning techniques, b) active learning techniques, c) manual 
activities such as building models d) out of class activities 
such as visits to buildings as well as improving the process of 
evaluation and its results using e) examples and rules for the 
exercises, f) brainstorming techniques with the students to 
define a part of the exam.
S2 – To encourage attendance by means of co-operative 
learning techniques, requiring the participation of all the 
students throughout the entire session.
S3 – To increase the level of involvement using active techniques 
requiring the students to take on an active rather than passive 
role, while at the same time making these techniques a more 
significant part of the evaluation.
S4 – To improve participation and reduce student absence 
through using activities which increase interest and motivate 
the students to learn demonstrating the use and application 
of Architectural Construction, both to other courses and to the 
professional life of the architect.
S5 – To satisfy the needs to the students by reorganising the 
techniques, activities and parts of the subjects criticised, after 
having checked that the student complaints correspond to the 
real situation. 
Table 1. Problems detected in the case study, strategies to resolve them and the techniques employed. Self-elaborated by the authors.
Problems Strategies
Techniques and activities
T1 T2 T3 T4 T5 T6 T7 A1 A2 A3
P1- Poor learning process S1- Improvement with new techniques and activities X X X X X X X X X
P2- Low attendance S2- encourage attendance using new techniques X X X X X
P3- low involvement S3- Increase involvement with new techniques X X X X X
P4- Improvable 
participation
S4- Improve participation using new 
activities X X X
P5- Student dissatisfaction S5- Improve techniques through gradual modification X X
P6- Unfilled competencies S6- Incorporate new activities X X
Key: T1- Puzzle; T2- Think, Pair and Share (TPS); T3- Brainstorming; T4- Examples and rubric; T5- Debate; T6- Oral presentations with student comments; T7- Digital portfolio; 
A1- Models; A2- Visits to buildings; A3- Lectures in other languages.
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S6 – To incorporate new activities in order to attend to the 
generic competencies established by the University, bearing in 
mind that these are done in other subjects.
These strategies were formalised in a set of techniques and 
activities which were first incorporated into this course. To do 
so, meetings were held between the teachers and members 
of the Institute of Education Science (ICE) from the University. 
The techniques introduced were the following: T1- Puzzle; T2- 
Think, Pair and Share (TPS); T3- Brainstorming; T4- Examples and 
rules; T5- Debate; T6- Oral presentation with comments from 
the students; T7- Digital portfolio. The following activities were 
incorporated:  A1- Models; A2- Visits to buildings; A3- Lectures 
in other languages. Table 1 relates the six problems detected 
in the course, to the six strategies and these techniques. The 
majority of these techniques and activities were known of and 
have already been applied in other universities, but had to be 
adapted to the teaching of architectural construction and the 
reality of the subject.
T1 – The puzzle is a co-operative learning method which allows 
for dynamic and beneficial work for the students. It requires 
the students to be divided into base groups, normally three 
people. Each individual of the group is assigned the role of 
a different expert, thereby forming three groups of experts 
across the whole class. The puzzle takes the following form: 
1) each expert prepares their own article of text individually; 
2) the groups of experts meet to discuss their text together 
in order to deepen an understanding of their own text; 3) the 
base groups meet, and each expert explains and shares his or 
her knowledge previously discussed with the objective that 
all the students gain a better understanding of each text. The 
majority of these experiences is based on texts or articles, but 
those in this PTI are significantly different (Pons et al., 2012) 
as shown in Table 2. Puzzles about different construction parts 
of the building and their representation have been made: a) 
floor plants; b) structures sections; c) facades and d) facade 
details. In this last case, each class group had approximately 
21 students divided into 7 groups, each one of whom studied 
a different building; the seven buildings were the same in the 
three classes. The puzzle was made up of 63 students, with 
three main class-groups and 7 groups of experts of 3 types and 
3 with students in each group.
T2- “Think, pair and share (TPS)” is a co-operative work 
method carried out in pairs, in which the students first reflect 
individually upon a topic and then share their thoughts with 
their partner. This method has been in use since the 1980s 
(Lyman, 1981) and continues to be used in Universities today 
(Fitzgerald, 2013). In this educational project the TPS was the 
prelude to a debate, and served to prepare each group. The 
students, first individually, analysed four different facades 
studying their thermal, water resistant, acoustic, illumination 
and mechanical behaviour. After this, students were grouped 
into pairs and shared their analysis with their partner. 
Table 2. Characteristics of the four puzzles studied. Self-elaborated by the authors.
Part Object Character Classes Students Base Experts Time Classrooms Area Other
a. Floors Drawings Analysis 1 21 7 3 3
1
91,4
Example and 
rubric (Allen, 
2004)
b. Structures Outlines Proposals 1 21 7 3 3
c. Facades Details Analysis 1 21 7 3 3
d. Facade 
details Details Proposals 3 21 3 7 3 3
Key: Part: construction part. Object: The object of study worked on in the puzzle. Character: Whether the puzzle was analytical (analysing the object) or propositional (presenting 
proposals for the object). Classes: number of work groups participating in the puzzle. Students: Approximate number of students in the work groups. Base: The number of students 
in the base group.Experts: Number of students in the groups of experts. Time: Duration of the puzzle in hours. Classrooms: number of classrooms. Area: Area of the classroom used 
in m2. Auxiliary material: Extra material used in the puzzle.
T3- Brainstorming (Faickney, 1963) is a structured cascade of 
ideas, which generates as many ideas as possible and gives 
the opportunity for everyone’s voice to be heard. During the 
activity, questions are neither evaluated nor discussed so 
that the brainstorming may be as fluid as possible. One of the 
problems that this method raises is that it can only be done 
with small groups. In this educational project, brainstorming 
was used in three cases: a) for finding arguments in defence 
of the best facade for the debate activity, b) for deciding on 
questions to ask an expert following a lecture, c) for proposing 
questions for the exam. 
T4- Examples and rules (Brown, 2008) are a format for the 
presentation and evaluation of exercises with maximum 
transparency and tractability. The teaching team presents the 
activities with an outline example which describes in exhaustive 
detail what the students have to do and hand in, along with 
rules governing how each part will be evaluated. In the course 
in question, these documents were posted on Moodle so that 
all students would have access to the information.
T5- The debate is a widely used activity which is both well 
known and strongly defended (Parcher, 1998). In this project 
the debate focused on which was the best type of facade for 
the ETSAB classrooms. This was done with a work group of 
approximately 21 students which was divided into three facade 
groups of seven students each. Each group was assigned one 
type of facade which may provide the solution, the students 
then studied it using puzzles, TPS and brainstorming in order 
to prepare arguments in favour of it being the best facade. 
Following this, each facade group presented their arguments 
in favour to the whole class, trying to overturn the arguments 
in favour of the other facade groups and finally the entire class 
decided which was the best facade for ETSAB.
T6- Oral presentation (King, 2002) of this project was a 
pre-prepared and structured presentation of the PBL. This 
presentation was prepared in groups of three students and 
included an introduction, discussion and conclusions, and 
this was then made to the entire class. In this study, the 
students from other groups discussed and presented their 
commentaries together with the course exercise.
T7- The digital portfolio (Wesel & Prop, 2008) is a web page 
in which students show interesting parts from their learning 
process. The digital portfolio offers many advantages 
compared to a paper portfolio as it can incorporate hyperlinks, 
attaching multimedia resources which is easily shared. In this 
case, the students, either individually or in groups, worked 
on the specific learning process from Construction 1, even if 
this was linked to prior knowledge and may have formed part 
of an interdisciplinary portfolio. The objective is to show and 
present the most outstanding parts of the course that they 
have learnt, from the contents of the teaching material and 
2015, 14(2), Agosto 2015 [     Pons-Valladares, O. - González-Barroso, J. - López-Olivares, R. - Arias, I.     ] Revista de la Construcción
Journal of Construction
38]
student exercises to the expectations, evidence of learning, 
sources of information, reflection on and critical analysis of the 
learning process, comments and reflections, evaluations of the 
course etc. This was done individually in phase 3 and in groups 
of two or three students in phases 4 and 5. The exercises and 
the indicators filled in by the students may be seen in the 
digital portfolios and are presented in the following section 
(Ruiz, 2012).
A1- Models (Aebli, 2002) have the advantage that they may 
be observed from all angles as three-dimensional represen-
tations of reality at a reduced scale. This is neither possible 
with drawing or plan. Many models can be dismounted so as 
to show the construction process of the element in question. 
Through using models the student tackles the problems of 
visibility, and spatial conception. In our case the model was a 
physical construction made with modelling materials of one 
part of a structure at a predetermined scale, either realistic or 
conceptual. This was carried out in groups of three students 
and developed with the help of puzzles.
A2- Visits to buildings consisted of the whole class visiting the 
buildings which each group of three students had studied. 
During the visit to each building, the students who had studied 
it explained it and the entire group made comments.
Table 3. Phases of the case study. Self-elaborated by the authors.
Phase Academic year N1 N2 Exercise
Techniques and activities
T1 T2 T3 T4 T5 T6 T7 A1 A2 A3
f1 2010 - 2011, part 2
17 1
1) Construction
2) Structure X X
3) Facade and roof X X
27 1 All
f2 2011 - 2012, part 1
21 1
1) Construction
2) Structure
3) Facade and roof X X X X
22 1 All
f3
2011 - 2012, 
part 2 21 x 3 3
1) Construction X X
2) Structure X X X
3) Facade and roof X X X X X X X X X
f4 2012 - 2013, part 1 24 x 3 3
1) Construction X X
2) Structure X X X
3) Facade and roof X X X X X X X X X
f5 2012 - 2013, part 2 18 x 2 2
1) Construction X X X
2) Structure X X X X
3) Facade and roof X X X X X X
f6 2013 - 2014, part 1 39 + 42 2
1) Construction X X
2) Structure X X X X
3) Facade and roof X X X X
Key: N1- Number of students; N2- Number of groups; T1- Puzzle; T2- Think, Pair and Share (TPS); T3- Brainstorming; T4- Examples and rubric; T5- Debate; T6- Oral Presentation 
with student comments; T7- Digital portfolio; A1- Models; A2- Building visits; A3- Lectures in other languages.
A3- The lectures in other languages consisted in lectures 
by experts from another country given in a topic relating to 
the course subject. In this course following the lecture, the 
coursework group thought up questions using brainstorming 
and then asked the expert. 
This PTI was started in 2011 and finished in 2014. During this 
period, the strategies for improvement have been followed and 
the techniques and activities previously mentioned have been 
incorporated. This has been implemented in a gradual and 
progressive way according to the advice of the ICE, based on 
earlier experiences and writings (Biggs, 2011). This PTI strategy 
remained flexible at all times and was adapted to learning 
needs, maintaining dialogue between teacher and students 
throughout the whole process. This was done in six phases 
over six terms between 2010-11 and 2013-2014. In phases 1 
and 2, at the same time that the project was introduced with 
a work group, another control group was maintained which 
in contrast did not do a project. The project was then applied 
to all three work groups (for the afternoon group) from phase 
three onwards. From phase 5 on, the course was modified to 
have only two work groups because the University increased 
the number of students by reducing the number of teachers 
for economic reasons (Pinto, 2011). Table 3 summarises these 
phases in relation to the academic years, students, groups, 
exercises, techniques and activities.
Indicators to evaluate the improvement strategies.
The following eleven indicators were used to evaluate the 
improvement strategies: 
I1) Questionnaire SEEQ: a Student Evaluation of Educational 
Quality (Richardson, 2005). This was collected twice per term 
during phases 1 to 4; 
I2) Course satisfaction: a questionnaire regarding satisfaction, 
in which the student is asked to write openly and without 
prior limitations which sessions have been most useful, least 
useful...
I3) University questionnaire: A SEEQ-type questionnaire 
promoted by the university and directed to students referring 
to teaching performance and subjects. This was collected every 
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second term except during 2011-2012 when it was collected 
during both terms.
I4) Academic evaluation: The result of evaluating the 
coursework made by students during the practical classes. This 
also shows the students who completed the hand-in and those 
who abandoned the course.
I5) Peer-to-peer evaluation (Sanchez et al., 2011) is the student 
evaluation of the work of their fellow students. This was used 
in the third phase where each student marked the portfolio of 
another student using the university intranet platform.
I6) Coursework Comparative Evaluation: A study of the 
exercises handed in by students from the previous courses and 
in the different stages of the PTI in order to determine if these 
showed that the students had learnt what was hoped for.
I7) Pre-test, post-test: A pre-test and post-test to assess the 
level of knowledge before and after the exercise (Dimitrov et 
al., 2003). This was carried out in phases 3 and 4 of the practical 
exercise number three on facades for three groups, and roofs 
and during phase 6 for the exercise two on structures for two 
groups. This indicator has been assessed when significant 
changes were made such as: a) the implementation of various 
new active methods in sessions 3 and 4; b) the incorporation 
of a new and completely different active method such as the 
model in session 6.
I8) Learning reports: These took the form of a list of questions 
before and after doing the coursework, and were completed 
in phases 2 and 3. These were accompanied by examples and 
rules.
I9) Dedication record: These registers recorded the time 
dedicated to the exercises on the part of both the students 
and teachers.
I10) The register of work completed in the classroom and 
handed in, with the objective of keeping a record of attendance.
I11) Distribution of work: Students evaluated the percentage 
of work carried out by each student in the three exercises.
I12) Filming: An audiovisual recording was made of the third 
phase by ETSAB.
I13) Teacher evaluation: The evaluation of the course made by 
the teaching team based on both objective indicators such as 
the twelve already mentioned, as well as day to day feedback.
Table 4 presents the indicators which were collected to evaluate 
each one of the improvement strategies. These indicators and 
when to apply them, was decided at meetings with experts in 
university education and the teaching team. Many different 
indicators have been collected with the intention of finding 
the most useful to the professors, and which would also have 
the widest acceptance by the students. At the same time, 
they have been alternated to avoid overloading the students 
with data collection, as already compiled in the literature (Pé-
rez-Martínez et al., 2010).
Table 4. Indicators collected for the analysis of the case study. Self-elaborated by the authors.
Strategies 
Indicators
I1 I2 I3 I4 I5 I6 I7 I8 I9 I10 I11 I12 I13
S1- Improvement with new techniques and activities X X X X X X X
S2- Encourage attendance using new techniques X X
S3- Increase involvement with new techniques X X X X
S4- Improve participation using new activities X X
S5- Improve techniques through gradual modification X X X
S6- Incorporate new activities X X
Key: I1) Questionnaire SEEQ, I2) Course Satisfaction, I3) University questionnaire, I4) Academic evaluation, I5) Peer-to-peer evaluation, I6) Coursework Comparative Evaluation, 
I7) Pre-test, post-test, I8) Learning report; I9) Dedication record, I10) Hand-in record, I11) Distribution of work, I12) Filming, I13) Teacher evaluation.
Discussion and results
The information obtained from the thirteen indicators is 
summarised in Table 5. The teaching team analysed this data 
with the help of experts from the Institute ICE of the University. 
The six strategies from the PTI are evaluated below using this 
analysis of the results of the indicators.
S1- Improved learning using active techniques and activities: 
I4, I6, I7 and I13 confirm that the PTI has managed to improve 
learning outcomes. I4 (Figure 1) shows that the academic 
grades have improved, and also demonstrates how these 
grades have gradually unified since the early phases. This can 
be clearly seen from the typical deviation as this indicator 
compiles data from all the phases. I6 confirms that the student 
learning process during the practical sessions of the course has 
also improved with the implementation of the PTI, and that 
there are more students who have obtained the knowledge 
and skills required with excellence and distinction. However it 
is important to note that this improvement has been erratic 
and that the worst results were found in the first courses when 
the PTI was applied, as the University assessors had warned in 
common with the literature (Biggs, 2011). I7 shows that during 
the phases when it was measured, the students have learnt in 
all the PBL which had been complemented with active teaching 
methods. For example, I7 confirms that the activity of model 
making has been extremely efficient for learning about the 
specific structure of a building. Finally, I13 corresponds with 
the results of the earlier indicators and has complemented 
them.
S2- Techniques for encouraging full attendance: I10 (Figure 2) 
has demonstrated that the PTI has increased attendance, as is 
also confirmed by other indicators which were not specifically 
intended to evaluate this task (such as I4 and I13). On the other 
hand I9 gives no information about the use and functioning of 
this strategy.
S3- Techniques for increasing involvement: I11 confirms that 
this strategy has been useful and that the debate technique has 
increased the involvement of the students. Other indicators 
such as I6 and I13 also confirm this. I11 on the other hand has 
not helped in evaluating this improvement strategy.
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Table 5. Summary of the principal data obtained from the 13 indicators. Self-elaborated by the authors.
Indicator Main Results
I1
Interaction with the group is the most highly rated aspect during the initial phases of the PTI. 
The overall vision of the course and the learning process are the most poorly evaluated aspects during the initial phases of the PTI.
Participation increases, however students become more dissatisfied with the courses during the initial phases of the PTI.
I2 Group work and the use of coursework exercises are evaluated best during the final stages of the PTI.Completion of I18 and I19 by students and staff are evaluated most poorly during the final stages of the PTI.
I3 Staff evaluations show a tendency towards improvement.
I4 Academic grades have improved and become more homogeneous.Participation has increased.
I5 Peer evaluation has not helped to evaluate the learning process. 
I6 Student coursework shows that the learning outcomes have improved.
I7 Students have learnt new skills and knowledge.
I8 The learning questionnaires have not helped to evaluate the learning process.
I9 The record of dedication has not helped to record either attendance or student satisfaction.Staff dedication during classes has helped to improve the insertion of the PTI from phase to phase.
I10 The percentage of full hand-ins has increased.
I11 Sharing out work has had little impact on increasing student involvement.
I12 Students have become highly involved in the debates.
I13
The student learning process has improved with this PTI.
Staff dedication outside the classroom has increased, especially in the initial phases of the PTI.
The greater part of the PTI strategies have been successful with the exception of some activities and indicators which require improvement 
or substitution.
Key: I1) Questionnaire SEEQ, I2) Course Satisfaction, I3) University questionnaire, I4) Academic evaluation, I5) Peer-to-peer evaluation, I6) Coursework Comparative Evaluation, 
I7) Pre-test-post-test, I8) Learning report; I9) Dedication record, I10) Hand-in record, I11) Distribution of work, I12) Filming, I13) Teacher evaluation.
Figure 1. Academic evaluation. Self-elaborated by the authors.
Key (Grades out of 10):
E= Excellent, between 9 and 10, demonstrating that students have learnt the maximum expected of them
N= Good, between 7 and 8, demonstrating that students have learnt more than the minimum required
S= Pass, between 5 and 7, demonstrating that students have learnt the minimum required
I= Fail, less than 5, demonstrating that students have learnt less than the minimum required.
Figure 2. Register of work. Self-elaborated by the authors.
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S4- Activities for improving participation: I4 and I10 
demonstrate that the PTI has increased participation because 
the percentage of hand-ins has increased while fewer students 
have abandoned the course.
S5- Activities for meeting students’ expectations: I2 and I3 
(Figure 3) show that student satisfaction with teachers and the 
course has increased, although I9 has not helped to evaluate 
this. I2 demonstrates that from the third phase onwards, new 
active methods were already achieving the desired results but 
were still in the final phase of perfection. I2 compiled the results 
from I1 and later phases, and showed that students clearly 
continued to evaluate the group work as the most positive, 
and that practical exercises help them to understand the 
theory. The negative aspects were similar but more dispersed: 
a) the indicators completed by the students (dedication time 
and learning reports), b) organizational, such as the lack of 
coordination between theory and practice. I3 shows that 
teacher evaluations have also improved with the introduction 
of the new project, even though in phase 4 student satisfaction 
has declined, which might be explained by problems with the 
functioning of certain activities inherited from other phases 
owing to the increase in the student ratio per group. 
S6- New activities to address the competencies: I4 and I13 
show that work has been done to satisfy the six generic 
competencies (ICE, 2008), and that these have been achieved 
in part. However the digital portfolio activity still has not fully 
worked as shown in various different versions. In contrast 
to other successful cases (Franquesa et al., 2013), in this 
particular one, the portfolio was not the principal activity but 
rather part of several others. It is considered that for it to work 
as a secondary activity, it would need to form part of a larger 
project in which all the courses across the whole degree would 
participate (Genís et al., 2012).
The indicators have also provided other information of use to 
the PTI which are described below:
a) The results of I1, when taken together, are slightly negative 
about the new teaching project presented here but with the 
positive side that participation has increased by around 6%. 
The explanation noted by the researchers is that the previous 
phases with better results were conducted using an older 
consolidating and contrasting methodology, while the first 
three phases of the PTI were still experimental and therefore 
obtained worse results. This hypothesis is corroborated by 
the least valued aspects of the new project in I2 which are: 
Figure 3. University Questionnaire. Self-elaborated by the authors.
Key
P1) I believe that this professor has helped me to understand this material.
P2) I think that the teacher is motivated in the material being taught.
P3) I consider that the teacher appears receptive in resolving the doubts of the students.
P4) I think that the professor who has taught this course is a good teacher 
the overall vision, learning outcomes, coursework and group 
interaction. The work-load is criticised as much in the new 
project as in previous phases. To summarise, it is considered 
that this indicator demonstrates that during the third phase, 
the new project was already achieving some of its initial 
objectives at the point when most of the active methods 
had already been implemented, even though various general 
aspects of the functioning of the course still required refining.
b) I5: the numerous successes compiled in the technical 
bibliography (Valero-García et al., 2005), have not worked 
for the purposes of evaluation in the PTI, because very few 
students have brought up constructive criticisms and the 
evaluation of students and professors has only coincided in a 
very few cases. It has however served to provide self-motiva-
tion for the students. However, as this indicator was applied 
only in one instance, it does not serve as a general rule.
c) I8 has still not been applied successfully. It was originally 
considered to be extremely useful from the students’ 
perspective; however, as the students showed dissatisfaction 
with this indicator from the beginning, it was decided to leave 
out this indicator after two phases and apply its analysis in a 
future phase. Students saw it as extra work which did not serve 
to improve their final grade and so its real importance would 
need to be demonstrated to the students (Felder & Brent, 
1994).
d) The same situation has occurred in I9 as in I7. Recording 
the teacher’s dedication to the class has been very useful 
for adjusting each one of the active methods to the course 
timetable during the subsequent phases of the project.
e) The same has occurred in I11 as in I8 and I7. Unequal and 
non-consensual distribution of work has only been detected 
in a few cases, nevertheless this has been useful for grading 
purposes.
f) I12 has helped to improve the debate. As a result, professors 
have a more active role in it and encourage more general 
participation and debate among students, add occasional 
comments in order to generate debate between the different 
groups and lead the exercise towards final conclusions.
g) I13 shows that the teachers’ dedication to the course 
outside of the classroom was greater during the initial phases 
of the activities with active methods, until these became 
consolidated in the more advanced phases, professors were 
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trained and puzzles material used during the previous course 
could be updated and reused. I13 also shows that problems 
have arisen with certain consolidated activities such as the 
debate, when class sizes increased by almost 100% in phase 6. 
Bearing in mind the number of students, an attempt was made 
to split the group but this was not successful.
Conclusions
This PTI has managed to start solving the endemic problems of 
the PBL for the Construction 1 course at ETSAB. A progressive 
improvement in learning, participation, student involvement 
and satisfaction, as well as bringing in competencies extending 
across the whole course demonstrate this problem-solving 
tendency. Therefore the improvement strategies based on 
the incorporation of new active and co-operative techniques 
and activities have worked successfully, as is confirmed by 
the results and their evaluation in the previous section. 
Nevertheless the way is still open for further improvement 
hence it is advisable to continue applying this PTI and its 
continued improvement through collecting and analysing 
indicators in real time.
The principal innovation of this research is that three 
new activities and seven active and co-operative learning 
techniques have been applied progressively to improve a 
PBL in a specific case of learning architectural construction 
(Table 3). The majority of these techniques and activities have 
improved the studied PBL and make them relevant for studying 
specific aspects of teaching architectural construction. Another 
important innovation is recording the progress of the PTI 
using the 13 indicators, which has been a positive experience 
because most of these indicators have helped successfully to 
evaluate and improve the project. This is exclusively the case of 
the indicators that required little participation and dedication 
on the part of students and teachers. Both innovations agree 
with the technical literature in advising the slow and gradual 
introduction of new learning activities in order to be able to: 
improve or remove them in time if needed and, in the initial 
stages of each activity, manage the required greater dedication 
on the part of the professors who still have to gain experience.
The authors of this research have judged this PTI and the 
techniques and activities introduced to be positive and 
encourage the university education community to apply similar 
projects to improve learning. Despite the specific nature of 
the research, it confirms that with first hand knowledge and 
care the strategies, techniques and activities of this PTI may 
be applied to other areas of architecture and other disciplines, 
although it would need to be adapted to the particularities of 
each case.
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